Introduction
============

Breast cancer is the most common invasive cancer and is the leading cause of cancer related mortality among women worldwide.[@ref1] One in every four diagnoses of cancer among women is for breast cancer, and breast cancer accounts for 15% of cancer deaths in women.[@ref2] Nearly half of women with breast cancer report depression, anxiety, or both in the first year after diagnosis. Some studies have found higher mortality rates in patients with breast cancer and depression compared with those without depression.[@ref3] [@ref4]

Tamoxifen is a selective estrogen receptor modulator that reduces the risk of recurrence of breast cancer by about half in women with hormone receptor positive tumors (which account for about two thirds of all breast cancers), reduces the risk of breast cancer mortality by about a third, and reduces the risk of all cause mortality by about 22%.[@ref5] [@ref6] A prodrug, tamoxifen is converted by the cytochrome P450 (CYP) enzyme system into two active metabolites.[@ref7] Conversion of tamoxifen to endoxifen, the more important metabolite, is mediated by CYP2D6.[@ref8] About a quarter of women using tamoxifen also take selective serotonin reuptake inhibitors (SSRIs), and the SSRIs, paroxetine and fluoxetine, are potent inhibitors of CYP2D6.[@ref9] Concern has been raised that, by inhibiting CYP2D6, these drugs might reduce the bioavailability of endoxifen, which could reduce tamoxifen's effectiveness.[@ref10]

Little evidence is available to guide decisions about treatment with SSRIs in women with breast cancer. One observational study reported increasing rates of death from breast cancer and all cause mortality with increasing duration of concomitant exposure to tamoxifen and paroxetine; no such association was observed for fluoxetine, however, which is also a potent inhibitor of CYP2D6.[@ref11] The evidence on the effect of concomitant exposure to tamoxifen and SSRIs, especially those that are potent inhibitors of CYP2D6 enzyme activity, remains inconclusive.

We compared differences in mortality between women concomitantly treated with tamoxifen and SSRIs that are potent inhibitors of CYP2D6 (paroxetine, fluoxetine) versus women treated with tamoxifen plus other SSRIs.

Methods
=======

Data sources and settings
-------------------------

We assembled data from five US electronic healthcare databases, covering individuals who received health insurance coverage from commercial and public payors from 1995 to 2013. Specifically, we used the Optum Research Database (2004-13), which comprises data on UnitedHealth enrollees; Medicare data linked to pharmacy claims data from CVS Caremark (2005-08), the Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE; 1995-2005), and the New Jersey Pharmaceutical Assistance to the Aged and Disabled (PAAD; 1995-2005); and data from the Medicaid Analytic Extract (MAX; 2001-06) covering Medicaid beneficiaries in 49 states and the District of Columbia. Medicare provides health insurance to older Americans (age 65 and older) and to those with certain disabilities, and Medicaid provides insurance benefits to low income individuals and families. Each database contains data on demographic and enrollment records, inpatient and outpatient diagnoses and procedures, outpatient pharmacy dispensing, and death information. Combined, these databases represent each of the three main insured segments of the US population.

Participants and study design
-----------------------------

We identified all women in each database who started taking tamoxifen. We defined initiation by requiring that women have at least 180 days of tamoxifen-free continuous enrollment in the database before their first prescription for tamoxifen. We further restricted the study population to those who were concomitantly exposed to an SSRI. We formed two separate cohorts based on whether women initiated the SSRI after tamoxifen initiation (cohort 1) or whether they had an active SSRI prescription at the time of tamoxifen initiation (cohort 2) (fig 1[](#f1){ref-type="fig"}).[@ref12] We defined an active SSRI prescription as a dispensation before the tamoxifen initiation and with a number of days' supply that overlapped the date of tamoxifen initiation. We excluded from both cohorts those women who used aromatase inhibitors before the date of tamoxifen initiation.

![**Fig 1** Descriptions of cohorts of women with breast cancer according to initiation of SSRIs and tamoxifen](donm032731.f1_default){#f1}

Patient involvement
-------------------

Our study was a secondary data analysis and did not include patients as study participants. No patients were involved in setting the research question or the outcome measures, nor were they involved in the design and implementation of the study. There are no plans to involve patients in dissemination.

Exposure
--------

SSRIs were classified as those that are potent inhibitors of CYP2D6 (paroxetine and fluoxetine) and those that are not potent inhibitors of CYP2D6 (citalopram, escitalopram, fluvoxamine, and sertraline). In each cohort, patients were considered as exposed if they received tamoxifen and a potent CYP2D6 inhibiting SSRI and were considered unexposed if they received tamoxifen and another SSRI.

Outcome and follow-up
---------------------

We compared rates of all cause mortality between the two exposure groups. All cause mortality was ascertained from data provided by Medicare for patients enrolled in Caremark, PAAD, and PACE and from Medicaid for patients enrolled in MAX. For the Optum Research Database, we ascertained death status through linkage to the Death Master File from the Social Security Administration. Follow-up for all cause mortality started on the day after the first date of concomitant tamoxifen and SSRI exposure (that is, the index date), corresponding to the SSRI initiation date for cohort 1 and the tamoxifen initiation date for cohort 2. In the main analysis, we allowed women to contribute person time until the first of death, disenrollment from the health plan, or end of available data during follow-up. In an "as treated" sensitivity analysis, we censored women at the earliest of death, disenrollment from the health plan, end of data availability, switching between SSRI groups, or discontinuation of either drug (allowing a 14 day gap between days' supply of consecutive dispensing).

Covariates
----------

Covariates were assessed during a baseline period before each woman's index date. The baseline period in cohort 1 was defined as the 180 days before tamoxifen initiation plus the days between the dates of tamoxifen and SSRI initiation (fig 1[](#f1){ref-type="fig"}). In cohort 2, the baseline period was defined as the 180 days before the date of tamoxifen initiation (fig 1[](#f1){ref-type="fig"}). We used Medical claims from the baseline period to assess the stage, site, and previous screening and treatments for breast cancer (see appendix 1 for breast cancer diagnoses and procedure codes). We determined the duration of tamoxifen use before the index date for those in cohort 1 and the numbers of days since the most recent SSRI dispensing before the index date for those in cohort 2. Use of prescribed drugs, including other drugs used to treat depression and anxiety and drugs for conditions associated with mortality, such as cardiovascular diseases, was also measured. We also assessed exposure to other drugs that affect the CYP2D6 enzyme, including both inducers and inhibitors (see appendix 1). Chronic disease burden was measured with the combined Charlson index and the Elixhauser measure score, which summarizes 20 clinical conditions.[@ref13] Measures of use of healthcare, including numbers of physician visits, days spent in hospital, and dispensed drugs were also assessed during the baseline period.

Statistical analysis
--------------------

We used propensity scores to summarize the covariates listed above. Propensity scores, the probability of being exposed to potent CYP2D6 inhibiting SSRIs versus other SSRIs, were estimated separately for each database. Exposed and unexposed groups were matched on the propensity scores in a variable ratio of up to 1:10. That is, we used a nearest neighbor algorithm to match exposed individuals to up to 10 unexposed individuals within a caliper of 0.025 on the propensity score scale. This enabled us to leverage the larger group of unexposed patients while still realizing the benefits of propensity score matching.

The distributions of baseline covariates were compared between exposed and unexposed groups in both unmatched and matched cohorts in each database and in the total population of patients across all five databases. To assess covariate balance in the variable ratio matched cohort, we randomly selected one unexposed individual from each set of women matched to an exposed individual, yielding a sample of unexposed individuals of the same size as the exposed group, which permits direct comparison of covariate distributions between groups.[@ref14]

We performed propensity score matching and effect estimation separately within each cohort and within each database. Cox proportional hazards models, stratified on the matching ratio, were used to estimate hazard ratios and 95% confidence intervals. We then combined the results between cohorts 1 and 2 and across databases using a random effects meta-analysis. We quantified statistical heterogeneity across the estimates using I^2^.

Sensitivity analyses
--------------------

In the as treated analysis, we estimated the effect of concomitant exposure to tamoxifen and SSRIs on mortality only while women were exposed to both drugs during follow-up. We also repeated the primary analysis in those concomitantly exposed to tamoxifen and SSRIs for at least 30, 60, 90, 120, 180, and 240 days; in these analyses, follow-up began at 30, 60, 90, 120, 180, and 240 days, respectively, after the first day of concomitant tamoxifen and SSRI exposure. We carried out these analyses to assess the presence of a potential exposure duration-response effect. In separate subgroup analyses, we repeated the main, as treated, and duration of concomitant exposure analyses among the subpopulation of women with a diagnosis of breast cancer recorded during the baseline period. We also examined paroxetine and fluoxetine as separate exposure groups. To do this, we re-estimated propensity scores predicting paroxetine use versus use of SSRIs that are not potent CYP2D6 inhibitors and predicting fluoxetine use versus use of SSRIs that are not potent CYP2D6 inhibitors and separately re-matched patients and estimated hazard ratios and 95% confidence intervals in these matched cohorts. Lastly, given that the American Society of Clinical Oncology (ASCO) guidelines recommend tamoxifen as standard adjuvant endocrine treatment for breast cancer among premenopausal women,[@ref15] we examined potential effect modification by age (that is, ≤50 and \>50) by including an exposure-by-age product term in the Cox regression model. Unless otherwise noted, sensitivity analyses were performed with the same statistical methods applied in the main analyses.

Results
=======

Patients' characteristics
-------------------------

We identified 6067 women who were new users of tamoxifen in cohort 1 and subsequently became concomitantly exposed to SSRIs; 2268 were exposed to potent CYP2D6 inhibiting SSRIs and 3799 were exposed to other SSRIs. In cohort 2, we identified 8465 new users of tamoxifen who were already active users of SSRIs at the time of tamoxifen initiation; 3531 were users of potent CYP2D6 inhibiting SSRIs and 4934 were exposed to other SSRIs. Table 1[](#tbl1){ref-type="table"} summarizes the characteristics of patients in each cohort for both unmatched and propensity score matched groups (complete list of covariates is provided in table A, appendix 2). There were no major differences in patients' characteristics between the two exposure groups even before matching patients. In cohort 1, the matched groups included 2026 users of potent CYP2D6 inhibiting SSRIs (1205 paroxetine and 821 fluoxetine) and 3774 users of other SSRIs (934 citalopram, 1121 escitalopram, 19 fluvoxamine, and 1649 sertraline). In cohort 2, the matched groups included 3025 users of potent inhibiting SSRIs (1653 paroxetine and 1372 fluoxetine) and 4823 users of other SSRIs (1205 citalopram, 1329 escitalopram, 33 fluvoxamine, and 2201 sertraline). Matching further reduced differences in observed covariates between exposure groups in both cohorts. The mean age of patients in cohorts 1 and 2 was 56 (SD 14) and 55 (SD 13), respectively. Overall, 57% of the potent CYP2D6 inhibiting SSRI group used paroxetine. About half of the patients in both cohorts had a diagnosis code for breast cancer recorded in the 180 days before tamoxifen initiation; more than half of these diagnoses were for stage 0 or I disease. On average, patients in cohort 1 used tamoxifen for 148 days before their first SSRI exposure.

###### 

Distribution of characteristics of women with breast cancer at baseline pooled across databases according to treatment with selective serotonin reuptake inhibitors (SSRIs) that do and do not inhibit cytochrome-P450 2D6 enzyme (CYP2D6). Cohort 1 comprised women exposed to tamoxifen before initiating SSRI treatment. Cohort 2 comprised women exposed to SSRI before initiating tamoxifen treatment. Figures are numbers (percentage) of women unless stated otherwise

  Characteristics                                        Cohort 1                    Cohort 2                                                                               
  ------------------------------------------------------ ------------- ------------- ---------- ------------- ------------- -- ------------- ------------- -- ------------- -------------
  **Database**                                                                                                                                                              
  MAX                                                    1080 (47.6)   1253 (33.0)              911 (45.0)    911 (45.0)       1804 (51.1)   1825 (37.0)      1444 (47.7)   1444 (47.7)
  PAAD                                                   117 (5.2)     125 (3.3)                79 (3.9)      79 (3.9)         135 (3.8)     136 (2.8)        93 (3.1)      93 (3.1)
  PACE                                                   267 (11.8)    381 (10.0)               249 (12.3)    249 (12.3)       241 (6.8)     238 (4.8)        174 (5.8)     174 (5.8)
  Optum                                                  745 (32.8)    1899 (50.0)              740 (36.5)    740 (36.5)       1224 (34.7)   2529 (51.3)      1209 (40.0)   1209 (40.0)
  Caremark                                               59 (2.6)      141 (3.7)                47 (2.3)      47 (2.3)         127 (3.6)     206 (4.2)        105 (3.5)     105 (3.5)
  **Demographics**                                                                                                                                                          
  Mean (SD) age (years)                                  57 (14)       55 (14)                  57 (14)       56 (14)          55 (13)       54 (13)          55 (13)       54 (13)
  Index year:                                                                                                                                                               
       1995-99                                           250 (11.0)    292 (7.7)                214 (10.6)    210 (10.4)       207 (5.9)     189 (3.8)        148 (4.9)     151 (5.0)
       2000-04                                           1402 (61.8)   1717 (45.2)              1227 (60.6)   1202 (59.3)      2239 (63.4)   2226 (45.1)      1847 (60.6)   1831 (60.0)
       2005-09                                           504 (22.2)    1224 (32.2)              473 (23.3)    504 (24.9)       857 (24.3)    1713 (34.7)      822 (27.0)    820 (26.9)
       2010-13                                           112 (4.9)     566 (14.9)               112 (5.5)     110 (5.4)        228 (6.5)     806 (16.3)       233 (7.6)     248 (8.1)
  **Breast cancer characteristics**                                                                                                                                         
  Breast cancer                                          1152 (50.8)   2172 (57.2)              1034 (51.0)   1027 (50.7)      1783 (50.5)   2727 (55.3)      1559 (51.1)   1561 (51.2)
  Stage any time before SSRI†:                                                                                                                                              
       0                                                 632 (27.9)    1370 (36.1)              574 (28.3)    605 (29.9)       938 (26.6)    1585 (32.1)      826 (27.1)    839 (27.5)
       I                                                 614 (27.1)    1335 (35.1)              557 (27.5)    589 (29.1)       884 (25.0)    1498 (30.4)      783 (25.7)    794 (26.0)
       II                                                122 (5.4)     253 (6.7)                105 (5.2)     110 (5.4)        157 (4.4)     320 (6.5)        139 (4.6)     146 (4.8)
  **Screening and treatments**                                                                                                                                              
  Chemotherapy                                           322 (14.2)    678 (17.8)               294 (14.5)    296 (14.6)       522 (14.8)    895 (18.1)       455 (14.9)    458 (15.0)
  Mammography                                            792 (34.9)    1734 (45.6)              715 (35.3)    740 (36.5)       1266 (35.9)   2278 (46.2)      1129 (37.0)   1114 (36.5)
  Mastectomy                                             937 (41.3)    1930 (50.8)              841 (41.5)    844 (41.7)       1154 (32.7)   1828 (37.0)      997 (32.7)    997 (32.7)
  Radiation                                              666 (29.4)    1268 (33.4)              586 (28.9)    601 (29.7)       725 (20.5)    1233 (25.0)      641 (21.0)    642 (21.0)
  **Medication utilization**                                                                                                                                                
  Mean (SD) total days supply of tamoxifen before SSRI   150 (220)     168 (245)                150 (217)     152 (223)        ---           ---              ---           ---
  Mean (SD) days supply of SSRI before tamoxifen         ---           ---                      ---           ---              8 (7)         8 (6)            2 (2)         2 (2)
  CYP2D6 enzyme inductors                                265 (11.7)    531 (14.0)               245 (12.1)    234 (11.5)       378 (10.7)    690 (14.0)       345 (11.3)    351 (11.5)
  CYP2D6 enzyme inhibitors                               816 (36.0)    1015 (26.7)              676 (33.4)    673 (33.2)       400 (11.3)    674 (13.7)       356 (11.7)    341 (11.2)
  Estrogens/hormone therapy                              261 (11.5)    390 (10.3)               215 (10.6)    214 (10.6)       338 (9.6)     460 (9.3)        274 (9.0)     271 (8.9)
  **Healthcare utilization**                                                                                                                                                
  Hospital admission                                     688 (30.3)    1158 (30.5)              605 (29.9)    600 (29.6)       755 (21.4)    1083 (21.9)      640 (21.0)    637 (20.9)
  Mean (SD) combined comorbidity score                   2 (3)         2 (3)                    2 (3)         2 (3)            2 (2)         2 (2)            2 (2)         2 (2)

Caremark=Medicare data linked to pharmacy claims data from CVS Caremark (2005-08); MAX=Medicaid Analytic Extract (2001-06); PAAD=New Jersey Pharmaceutical Assistance to the Aged and Disabled (1995-05); PACE=Pennsylvania Pharmaceutical Assistance Contract for the Elderly (1995-2005); Optum Research Database (2004-13) comprises data on about 40 million UnitedHealth enrollees.

\*Women taking CYP2D6 inhibiting SSRI matched on propensity score to at least 1 and at most 10 women taking another SSRI. Random patient in other SSRI group was draw from each matched set to show covariate balance resulting from matching process.

†Data for stages III and IV breast cancer suppressed in accordance with CMS's current cell size suppression policy, which stipulates that no cell (such as admissions, discharges, patients, services) ≤10 can be displayed.

Main results
------------

During a median follow up of 2.2 (interquartile range 0.9-4.5) years, 991 patients in cohort 1 died at a rate of 64.3 deaths (95% confidence interval 60.4 to 68.4) per 1000 person years. In cohort 2, there were 1014 deaths over a median follow-up of 2.0 (0.8-3.9) years, for a rate of 53.3 (50.1 to 56.7) per 1000 person years. Table B in appendix 2 shows crude results before propensity score matching. Figure 2[](#f2){ref-type="fig"} shows the hazard ratios for death stratified by each database and cohort after adjustment with propensity score matching. The pooled rates of death were 58.6/1000 person years among users of SSRIs that are potent inhibitors and 57.9/1000 person years for users of other SSRIs. When we pooled the hazard ratios across databases within each cohort, concomitant exposure to tamoxifen and SSRIs that inhibit CYP2D6 was not associated with an increase in all cause mortality compared with concomitant exposure to tamoxifen and other SSRIs in either cohort 1 (hazard ratio 0.91, 0.80 to 1.04) or cohort 2 (1.02, 0.89 to 1.16). The hazard ratio for the combined pooled estimates for both cohorts was 0.96 (0.88 to 1.06). There was no statistical heterogeneity in any of the pooled estimates (I^2^\<1% for all analyses).

![**Fig 2** Risk of all cause mortality associated with CYP2D6 inhibiting selective serotonin reuptake inhibitors (SSRIs) versus other SSRIs in main analyses in women exposed to tamoxifen before initiation of SSRI (cohort 1) and women exposed to SSRI before initiation of tamoxifen (cohort 2). Caremark=Medicare data linked to pharmacy claims data from CVS Caremark (2005-08); MAX=Medicaid Analytic Extract (2001-06); PAAD=New Jersey Pharmaceutical Assistance to the Aged and Disabled (1995-2005); PACE=Pennsylvania Pharmaceutical Assistance Contract for the Elderly (1995-2005); Optum Research Database (2004-13) comprises data on approximately 40 million UnitedHealth enrollees (I^2^=0% for heterogeneity between databases)](donm032731.f2_default){#f2}

Sensitivity analyses
--------------------

In the as treated analysis in which patients were censored when they switched between SSRI groups or when they discontinued treatment with either tamoxifen or an SSRI, the overall pooled estimate was similar to that of the primary analysis estimate (hazard ratio 0.99, 95% confidence interval 0.67 to 1.46; I^2^=0%; table 2[](#tbl2){ref-type="table"} and table C in appendix 2). When we stratified the primary analysis by length of concomitant exposure, the pooled hazard ratios were similar to the primary analysis results (fig 3[](#f3){ref-type="fig"}). We found no differences in mortality among patients concomitantly exposed to tamoxifen and paroxetine versus SSRIs that are not potent inhibitors of CYP2D6 or among those concomitantly exposed to fluoxetine versus SSRIs that are not potent inhibitors of CYP2D6 (table 2[](#tbl2){ref-type="table"}). Results were also similar in the subpopulation of women with a diagnosis of breast cancer (stages 0-IV) recorded in the 180 days before tamoxifen initiation (1.03, 0.89 to 1.18; I^2^=0%; table 2[](#tbl2){ref-type="table"} and table D in appendix 2). When this subpopulation of patients with breast cancer was further restricted to only those with stages I-IV breast cancer the hazard ratio was 1.04 (0.86 to 1.26; I^2^=0%; table 2[](#tbl2){ref-type="table"}). Finally, we observed significant effect modification between age (≤51 *v* \>51) and the type of SSRI (that is, potent CYP2D6 inhibitors *v* other SSRIs) on mortality (P=0.01 for interaction). Neither stratified estimate, however, was different from the null (1.19 (0.93 to 1.52) for age ≤51 and 0.93 (0.84 to 1.03) for age \>51). Additional database-specific results are provided in appendix 2.

###### 

Risk of all cause mortality associated with concomitant use of tamoxifen and CYP2D6 inhibiting selective serotonin reuptake inhibitors (SSRIs) versus tamoxifen and other SSRIs in sensitivity analyses. Hazard ratios shown with 96% confidence intervals

  Study design                                                            Deaths/total   Person years   Rate\*   HR (95% CI)
  ----------------------------------------------------------------------- -------------- -------------- -------- ---------------------
  **Primary/main analysis**                                                                                      
  Pooled databases (cohort 1)                                             991/5749       15 419         64.3     0.91 (0.80 to 1.04)
  Pooled databases (cohort 2)                                             1014/7793      19 0210        53.3     1.02 (0.89 to 1.16)
  Overall population (cohorts 1 and 2)                                    2005/13 542    34 448         58.2     0.96 (0.88 to 1.06)
  **Sensitivity analyses**                                                                                       
  As treated analysis‡                                                                                           
   Pooled databases (cohort 1)                                            39/5749        1751           22.2     0.68 (0.34 to 1.38)
   Pooled databases (cohort 2)                                            77/7793        3273           23.5     1.19 (0.75 to 1.89)
   Overall population (cohorts 1 and 2)                                   116/13 542     5024           23.0     0.99 (0.67 to 1.46)
  Patients with pre-existing breast cancer diagnosis (stages 0-IV)                                               
   Pooled databases (cohort 1)                                            429/3071       7571           56.7     0.99 (0.81 to 1.21)
   Pooled databases (cohort 2)                                            460/4199       9779           47.0     1.07 (0.88 to 1.31)
   Overall population (cohorts 1 and 2)                                   889/7270       17 350         51.2     1.03 (0.89 to 1.18)
  Patients with pre-existing breast cancer diagnosis (stages I-IV only)                                          
   Pooled databases (cohort 1)                                            316/1760       4472           70.7     0.95 (0.75 to 1.21)
   Pooled databases (cohort 2)                                            346/2524       6059           57.1     1.07 (0.85 to 1.33)
   Overall population (cohorts 1 and 2)                                   662/4284       10 530         62.9     1.04 (0.86 to 1.26)
  Paroxetine use *v* other SSRIs§                                                                                
   Pooled databases (cohort 1)                                            312/3936       9327           33.5     1.03 (0.80 to 1.33)
   Pooled databases (cohort 2)                                            466/5824       13 671         34.1     0.89 (0.72 to 1.11)
   Overall population (cohorts 1 and 2)                                   778/9760       22 998         33.8     0.95 (0.81 to 1.12)
  Fluoxetine use *v* other SSRIs¶                                                                                
   Pooled databases (cohort 1)                                            284/4047       9180           30.9     0.99 (0.73 to 1.34)
   Pooled databases (cohort 2)                                            458/5685       13 178         34.8     1.05 (0.85 to 1.31)
   Overall population (cohorts 1 and 2)                                   742/9735       22 358         33.2     1.04 (0.87 to 1.25)

\*Rate per 1000 person years.

†All sensitivity analyses used main effects analytic approach, except for analysis explicitly described as "as treated" sensitivity analysis.

‡Patients censored at earliest of death, disenrollment from health plan, end of data availability, switching between SSRI groups, or discontinuation of either drug (allowing 14 day gap between days' supply of consecutive dispensing).

§Excluding fluoxetine users.

¶Excluding paroxetine users.

![**Fig 3** Risk of all cause mortality associated with CYP2D6 inhibiting selective serotonin reuptake inhibitors (SSRIs) versus other SSRIs stratified by duration of concomitant exposure to tamoxifen and SSRIs before follow-up. Caremark=Medicare data linked to pharmacy claims data from CVS Caremark (2005-08); MAX=Medicaid Analytic Extract (2001-06); PAAD=New Jersey Pharmaceutical Assistance to the Aged and Disabled (1995-2005); PACE=Pennsylvania Pharmaceutical Assistance Contract for the Elderly (1995-2005); Optum Research Database (2004-13) comprises data on approximately 40 million UnitedHealth enrollees](donm032731.f3_default){#f3}

Discussion
==========

Principal findings
------------------

In a large cohort of 14 532 women who were new users of tamoxifen with a mean age of about 55 enrolled in US commercial and public health insurance plans, we found no difference in rates of all cause mortality between those exposed to SSRIs that are potent inhibitors of the CYP2D6 enzyme compared with those exposed to other SSRIs. This finding was consistent across sensitivity analyses and in analyses examining the relation between the duration of concomitant exposure to tamoxifen and SSRIs and mortality.

Our findings are consistent with a meta-analysis of observational studies that reported no increase in mortality with concomitant exposure to tamoxifen and SSRIs that were either weak (hazard ratio 1.05, 95% confidence interval 0.91 to 1.22) or strong (1.03, 0.86 to 1.23) inhibitors of CYP2D6.[@ref16] The largest study in the meta-analysis, which included 2430 women with breast cancer treated with tamoxifen, found an increased risk of all cause and breast cancer specific mortality with concomitant exposure to paroxetine but not fluoxetine[@ref11]; neither SSRI was associated with greater mortality among women concurrently using tamoxifen in our study. Our study sample was much larger and looked directly at women treated with tamoxifen who were also exposed to SSRIs that are strong inhibitors of CYP2D6 compared with women exposed to other SSRIs. Also, women included in our analyses were relatively younger (mean (SD) age 54.7 (13.2)) and might therefore have had lower prevalence of morbidity and a lower risk of mortality than the women in the previous study, who had a mean age of 77.[@ref11]

Clinical implications
---------------------

Our findings suggest that the inhibition of CYP2D6 enzyme function by SSRIs might not impair the effectiveness of tamoxifen in reducing the risk of all cause mortality. While we were not able to measure the concentration of tamoxifen metabolites, even if SSRIs that are strong CYP2D6 inhibitors lowered plasma concentrations of tamoxifen metabolites by a third, as previously reported, these metabolites would still be in high enough concentration to competitively inhibit the estrogen receptor positive cells from getting the estrogen required for growth.[@ref17] [@ref18] [@ref19] Indeed, the usual tamoxifen dose of 20 mg/day is about 20 times higher than the doses needed to be clinically effective.[@ref18] Furthermore, even if the plasma concentrations of endoxifen, the major active metabolite of tamoxifen, were lowered, other metabolites could still confer sufficient antiestrogenic activity against tumor cells to reduce mortality.

It is also plausible that the degree by which tamoxifen is rendered ineffective by CYP2D6 inhibition varies by menopausal status.[@ref16] Given that the level of estrogen production is higher in premenopausal women, it is believed that a reduction in the plasma concentration of tamoxifen metabolites would compromise the effectiveness of tamoxifen to compete for estrogen and suppress tumor growth.[@ref16] Our interaction analysis suggested that age is a potential effect modifier of the association between concomitant exposure to tamoxifen and CYP2D6 inhibiting SSRIs and mortality. Further studies powered to detect subgroup findings and with direct information on menopause status, rather than age as a proxy, could further elucidate this finding.

Strengths
---------

Our study has several important strengths. First, we compared the risk of death in women taking SSRIs that are potent inhibitors and women taking other SSRIs in a population of new users of tamoxifen, which resulted in comparable baseline characteristics of the women between exposure groups even before propensity score matching. This design helps mitigate confounding by both measured and unmeasured characteristics. No previous studies have directly compared the effect of SSRIs that are potent inhibitors versus other SSRIs on mortality among tamoxifen users. In addition, by creating two separate study cohorts distinguished by whether women were exposed first to tamoxifen or SSRIs, we were further able to minimize potential confounding by indication as some women are prescribed SSRIs for treatment of adverse effects of tamoxifen, such as hot flashes, whereas others are prescribed SSRIs to treat depression and anxiety related disorders.[@ref20] [@ref21] Separation of the two cohorts ensured balance in the pattern of SSRI use between exposure groups. Finally, by combining multiple databases, including information for women covered through both commercial and publically funded health insurance, we were able to study a much larger population than any previous study, and we expect our results to be generalizable to the US population.

Limitations
-----------

Our study also has limitations. Information on cause of death was not available in the study databases. Therefore, we could not assess breast cancer specific mortality as an outcome. However, we conducted a sensitivity analysis among the subset of women with a previous diagnosis of breast cancer as breast cancer mortality is the most common cause of death among women with breast cancer.[@ref22] We also conducted a sensitivity analysis excluding women with stage 0 breast cancer. The results of both of these analyses were consistent with our main findings. Moreover, a meta-analysis of data from 21 457 women in 20 trials found a 22% reduction in all cause mortality with tamoxifen.[@ref6] Therefore, we would expect to see an effect on all cause mortality if the interaction had a clinically meaningful impact. Another limitation is that, as with any claims based observational study, we cannot rule out potential residual confounding by smoking, obesity, and socioeconomic status. Given that we restricted our analysis to a fairly homogenous (characteristics were similar between exposure groups before matching) population of only new users of tamoxifen concomitantly exposed to SSRIs, however, we do not expect the prevalences of these unmeasured confounders to differ substantially between the exposure groups. Further, we do not expect that prescribers preferentially select SSRIs based on breast cancer prognosis. Additionally, mean follow-up in our study cohort was 2.4 years, limiting the conclusions that we can draw about the long term safety of concomitant use of tamoxifen and an SSRI.

It is also possible that information on death outside hospital assessed after 1 November 2011 for patients in the Optum Research Database might have been incomplete because, beginning in November 2011, the Social Security Administration excluded information for about 4.5% of deaths when information was available only from the states and not also from their other sources of death information. While this could have resulted in fewer outcome events, however, we expect that it would be non-differential between exposure groups, and it would not affect the specificity of the outcome definition. Another limitation inherent in the use of claims data is that we did not have information on blood metabolites of tamoxifen, and we cannot be sure that women in the study cohort actually took their dispensed drugs. Also, in our primary analysis, women remained under observation even if they no longer concomitantly used both drugs during follow-up. While this misclassification can produce bias towards the null, it allowed us to include outcomes that could have been affected by concomitant exposure even if they occurred much later. Nevertheless, results were similar in an as treated analysis, which would be less susceptible to misclassification of exposure. Finally, while claims data have been found to identify women with breast cancer with high specificity,[@ref23] [@ref24] their ability to distinguish breast cancer stages III/IV from I/II is limited.[@ref25] We would, however, expect that any misclassification would have minimal impact on the internal validity of our findings because of the similarity of women between exposure groups, even before propensity score matching.

Conclusion
----------

In conclusion, in a large population of women treated with tamoxifen, use of potent CYP2D6 inhibiting SSRIs versus other SSRIs did not increase the risk of death from all causes. In clinical practice, SSRI inhibition of CYP2D6 does not seem to reduce the effectiveness of tamoxifen.

### What is already known on this topic

1.  Nearly half of women with breast cancer report depression, anxiety, or both, which are associated with an increased risk of mortality

2.  Tamoxifen, a prodrug that reduces recurrence of breast cancer and associated mortality, is activated by the cytochrome-P450 (CYP) enzyme (CYP2D6)

3.  The selective serotonin reuptake inhibitors (SSRIs), paroxetine and fluoxetine, are potent inhibitors of CYP2D6 and could theoretically reduce the bioavailability of the main tamoxifen active metabolite, which could reduce the its effectiveness

### What this study adds

1.  In a large population of women treated with tamoxifen, use of paroxetine and fluoxetine versus SSRIs that do not inhibit CYP2D6 did not increase the risk of death

2.  SSRI inhibition of CYP2D6 does not seem to reduce the effectiveness of tamoxifen
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